INTRODUCTION
Acute rheumatic fever is a disease characterized by polyarthritis, serositis, and carditis, in which many cells in the inflammatory lesions appear to be lymphocytes. Indeed, the basic cellular constituents of rheumatic subcutaneous nodules, cardiac Aschoff bodies, or acute valvular lesions are often characterized by a predomiReceived for publication 1 November 1974 and in revised form 13 January 1975. nance of lymphoid elements. The present study was designed to examine possible alterations in peripheral blood lymphocytes during the course of active rheumatic fever. Particular attention was directed at acute and serial studies of lymphocyte cell surface markers in this disorder. For some time it has been held as an established clinical principle that acute rheumatic fever is somehow related to the host immune response to the streptococcus (1) (2) (3) (4) (5) (6) (7) . Whether this response is principally mediated by humoral immunity and thus the products of bone marrow-derived lymphocytes (Bcells)1 (8, 9) or whether cell-mediated mechanisms operating through thymus-derived lymphocytes (T-cells) (10) (11) (12) constitute the most significant aspect of the rheumatic inflammatory response still remains to be determined. A recent report by Read, Fischetti, Utermohlen, Falk, and Zabriskie (13) emphasizes a clear relationship between cell-mediated immunity to various streptococcal cell wall antigens and acute attacks of rheumatic fever. The current study indicates that typical rheumatic fever is associated with a characteristic alteration in peripheral lymphocyte profiles that suggests intense participation of both humoral and cell-mediated immunity during the acute process. The availability of a large number of acutely ill patients at the Free Rheumatic and Heart Center in Cairo, Egypt, together with Joseph's Hospital, Albuquerque, N. M., between September 1972 and September 1974. All of these patients were diagnosed as having acute rheumatic fever on the basis of clear evidence of migratory polyarthritis, antecedent streptococcal infection, and clinical confirmation of active carditis. All patients included in the present study satisfied the modified Jones criteria for acute rheumatic fever (14) . None of the Albuquerque patients had chorea. 12 were young adults, aged 19-32; (mean age 22), 3 were teenagers, aged 13, 14, and 16. 13 gave no previous history of acute rheumatic fever; 2 had at least one antecedent rheumatic fever attack. 11 of the 12 adult Albuquerque patients were studied during the 1st wk of acute symptoms; one patient had chronic recurrent carditis and arthritis of five mo duration. One patient in the teenage Albuquerque group was studied within 1 wk of initial symptoms; two were studied between 7 and 30 days after initial symptoms.
In six Albuquerque patients serial studies over a 1-3 mo interval were possible as the initial acute rheumatic episode subsided. Five of these patients received salicylates alone. Only two of the patients in the entire Albuquerque group were treated with corticosteroids (20-60 mg of prednisone/ day for fulminant carditis).
Egyptian patients. A second group of 38 patients were studied during 3 wk in May 1974 at the Free Rheumatic and Heart Center Hospital, Cairo, Egypt. Most of the Egyptian patients were individuals with acute rheumatic fever of recent onset. As in Albuquerque, the patients studied in Cairo were subdivided into three groups. 24 patients were considered very acute (group A), first being studied within 7 days after initial onset of symptoms; another group of 8 patients (subacute group B) was initially studied between 7 and 30 days after onset of first symptoms; and a third group of 6 patients was studied during what was considered chronic rheumatic activity of 1-6 mo duration (chronic group C).
8 of the 24 acute group A Cairo patients had active chorea at the time of study. 14 showed clear evidence of active carditis and arthritis at the time of study and 5 showed migratory arthritis as the maj or manifestation of their rheumatic activity. Three serial determinations every 5-7 days were completed on most patients in the acute group. Among the 24 patients included as acute, 11 were experiencing what appeared to be an initial attack of rheumatic fever, whereas 13 gave a history of previous attacks. The patients studied in Cairo constituted a unique group, since because of the referral pattern to the Free Rheumatic Heart Center, patients with prior attacks had often been previously hospitalized at the same facility. Age range in the acute Egyptian patients was from 5 to 17, with a mean age of 10 yr. This group included eight boys and 16 girls.
Group B or the subacute Egyptian patients ranged in age from 6 to 15 (mean 11 yr) with three girls and five boys. Two patients in this group had active chorea, six had clear evidence for carditis and arthritis, and one patient showed migratory polyarthritis alone. Two patients in group B were experiencing what appeared to be their first attack of rheumatic fever and six gave a history of previous rheumatic episodes.
The six patients in group C (three boys and three girls, mean age 11) all showed clear evidence of chronic carditis. One patient showed persisting active chorea and two patients continued to experience arthritis. Three of these six chronic patients were in their first attack; the other three had -previous history of rheumatic activity.
Among the Cairo patients, prolonged serial studies beyond 3 wk were not possible; however, on the whole the degree of pancarditis and intensity of clinical involvement were judged to be somewhat more severe than most of the patients studied in Albuquerque. Because of this and because a majority of the Albuquerque patients were young adults, somewhat older than the Egyptian patients, the two groups of patients were considered separately in most instances.
35 normal adult controls were drawn from students, staff, and laboratory personnel in both Albuquerque and Cairo. In addition, a group of 28 normal children, matched insofar as possible for age and sex primarily with the patients studied in Egypt, was included. No differences were noted in normal control values recorded among adult or child controls studied in Albuquerque and Cairo. Normal control children were either hospitalized for elective orthopedic surgery or drawn from normal healthy subjects, since no published data were available for B-and T-cell values in this age group.
Lymphocyte determinations
All lymphocyte determinations in both Albuquerque and Egypt were made by the same individual (Ms. Kilpatrick). Peripheral blood samples were drawn in heparinized syringes and lymphocytes separated at room temperature (220C) with Hypaque-Ficoll gradient centrifugation (15, 16) . No attempt was made to remove monocytes; however, total white blood cell counts and differentials were performed on all samples tested. No patient with acute rheumatic fever had more than 5% monocytes on peripheral smear. Moreover, direct estimation of phagocytic cells present in Ficoll-Hypaque lymphocyte preparations was performed with small polyacrylamide beads added directly to such preparations, as previously described (16), and monocytes were thus identified and excluded directly under phase microscopy or during immunofluorescence microscopy.
Cells bearing surface immunoglobulin and initially presumed to be B cells were determined with direct immunofluorescence and staining for surface IgG, IgA, and IgM, with fluorescein-conjugated anti-Ig antibodies isolated from specific immunoabsorbent columns (9, 16) . Initially, the sum of cells staining for IgG plus IgA plus IgM was taken as an estimate of the percent B-cells, on the basis of previous work demonstrating that most B-cells bear one maj or class of surface immunoglobulin (16) (17) (18) . In some instances, when values for B-cells were adjudged to be high, total numbers of cells staining for kappa plus lambda light chain determinants were also recorded.
In addition, in many patients studied in Cairo, concurrent B-cell determinations were performed by the method of Dickler and Kunkel (19) , with fluoresceinated IgG aggregates. After initial studies had indicated what appeared to be uniformly high values for cells showing surface Ig, some patients' cells were studied before and after overnight incubation in balanced Hanks' solution at 370C in a 5% CO2 incubator, and surface Ig characteristics were reassessed after 20 h to determine if cell-associated Ig remained associated with the membrane or was eluted off and not regenerated during such short-term culture. Careful evaluation of percent recovery and viability of such cultured lymphocytes was performed in all instances by direct counting and supravital dye staining before and after culture.
T-cells were enumerated by two independent methods. Indirect immunofluorescence with rabbit anti-human fetal thymocyte antiserum, exhaustively absorbed with human B-cells as previously described (20) (21) (22) (23) , represented one method of T-cell identification. Anti-human thymocyte antiserum used at 1: 2-1: 5 dilution was followed by fluorescein-con- In addition, the technique of erythrocyte (E)-binding or sheep cell rosette formation, adopted from methods previously described (24) (25) (26) , was used as a second independent method for enumeration of T-cells. Sheep cell rosette formations were always performed in phosphate-buffered saline, pH 7.4, without the addition of exogenous human or fetal calf serum. Lymphocytes were incubated with sheep erythrocytes for 12-14 h at 4VC and rosettes subsequently scored as positive in any cell showing three or more adherent erythrocytes. Sheep cells from the same sheep were obtained fresh each week and were never used when more than 7 days old. In general, as previously noted (21, 23, 27) , T-cell values from the indirect immunofluorescence technique were slightly higher than those obtained with the sheep cell rosette method. Total absolute numbers of T and B lymphocytes were calculated from absolute lymphocyte counts done concurrently with each sample.
To assess the reliability of the methods used, sums of T-plus B-cells were performed. In all normal adult and children's controls such summation gave values ranging between 95 and 102% (mean 98.9%). However, in a considerable number of the patients with acute rheumatic fever, sums of T-plus B-cells were somewhat greater than 100%, by either T-cell values by indirect immunofluorescence or sheep cell rosette binding. Because Studies of initial proportions of peripheral blood T-cells by both immunofluorescence and E-binding showed a tendency to lowered values among a considerable fraction of patients (P <0.01-0.05). These data, along with values for total numbers of peripheral blood T-cells, are also shown in Table II .
Serial studies of proportions and total numbers of peripheral blood lymphocytes present during the evolution of acute rheumatic episodes were performed in six patients. In all patients studied, initial total numbers of T-cells were either slightly depressed or at the lower range of normal, increasing slightly or steeply over the 3 wk-2 mo observation periods after the acute attack. In all six of the Albuquerque patients followed with serial studies, initial proportions or percentages of T-cells were moderately decreased and gradually increased towards normal as the rheumatic attack subsided. All six patients serially studied showed an initial high value or peak for total numbers of lymphocytes bearing surface Ig during the first 14 days of study, with gradual decline in total numbers of cells bearing surface Ig as the attack subsided. Similarly percentages of cells with surface Ig showed highest values during the initial 2 wk of rheumatic fever, again gradually subsiding during the acute attack. Representative examples of such serial studies are shown in Fig. 1 and in Table III . Only one patient, M. C. (Table III) , received corticosteroids; the remainder were treated with rest and salicylates.
Egyptian group. The principal finding among the patients studied in Cairo was a marked elevation in proportions of lymphocytes bearing surface Ig. It can be seen from Fig. 2 Fig. 2 , as well as in Fig. 3B and in Table IV . Our values for normals studied concurrently, however, were considerably lower than those originally reported by Dickler and Kunkel (19) and generally ran one-half to one-third the values for surface Ig fluorescence (7-12%, as opposed to 22% of cells by surface immunofluorescence). Table V. A particularly interesting aspect of the data obtained in Cairo dealt with an apparent difference ( As noted above, the most prominent finding among many of the Cairo patients, as well as some studied in Albuquerque, was the relatively high values for cells bearing surface Ig. Thus, when proportions of surface Ig-bearing cells were added to T-cell values, by either the anti-T-cell or E-binding techniques, percentages falling well above 100% were obtained in as many as one-third of group A patients. Some examples of these data are shown in and surface Ig cell populations. studies with a larger number of rheumatic fever are necessary, sin sorbed Ig is still a strong possibi levels of surface Ig in many of patients studied to date.
In addition, all sera from patier matic fever were studied for the p Ig or immunoglobulins that might E to normal lymphocyte cell surfac incubated at 370C, as described ab' (29, 30) . However, recently this value has been modified downward approximating 10% after simultaneous studies of several B-cell markers, including surface Ig and the Fc or aggregate receptor, by Winchester and coworkers.' In these latter studies it was found that the use of pepsin-digested F(ab)2 antibodies to surface Ig produced considerably lower values for total percent cells with surface Ig (10%) than had been previously reported by many other groups of workers. This was felt to represent binding of fluoresceinated whole rabbit IgG antibody both by B-cell Fc receptors and by specific anti-Ig reactions. Pepsin-digested anti-Ig reagents were not utilized in our study and thus our normal values ranged from 22 to 26%. Of interest, however, were our values of 7-12% for binding of aggregates, which may be much closer to a true estimate of true B-cells than the figures we obtained with surface immunofluorescence of Ig. It seems likely that the use of pepsin-digested anti-immunoglobulin reagents may produce lower values in subsequent studies; however, the relative elevation in proportions and total numbers of lymphocytes bearing surface Ig in the patients already studied with acute rheumatic fever still represents a finding of considerable interest.
The clinical importance of the rise in cells bearing surface Ig was further borne out by the serial studies recorded in patients followed over a 30-90-day period. That other extraneous influences, such as salicylates, corticosteroids, or concurrent medications, might be partially involved in the results recorded cannot be entirely eliminated. Several recent reports (31, 32) have stressed the substantial effects of prednisone and other immunosuppressive drugs on peripheral blood T and B lymphocyte profiles. However, none of the patients studied in Egypt were receiving corticosteroids, and elevation of numbers and proportions of peripheral blood lymphocytes bearing surface Ig was observed in at least 10 rheumatic fever patients before therapy of any kind was institutcd. anti-cardiac antibody activity directly on such cell surfaces, possibly by radioautographic or direct labeling methods recently described (33) . The observations of Shulman and Ayoub (34) concerning differences in avidity of antibody to streptococcal group A carbohydrates between patients with rheumatic fever and glomerulonephritis or streptococcal infections are of considerable interest in this regard.
If on the other hand, a substantial proportion of peripheral blood lymphocytes bearing cell-surface immunoglobulin in rheumatic fever are actually activated T-cells (35, 36) instead of B-cells, then their presence would be compatible with a predominant cell-mediated mechanism in the disease itself. The real questions of the current studies are how best to define precursors of humoral immunity or B-cells, and how to quantitate activated T-cells. This problem was previously encountered during studies related to systemic lupus erythematosis, where large percentages of cells from some patients showed surface Ig (21) . Other workers have emphasized this problem (28) and precise methods for B-cell quantitation continue to evolve. A multiplicity of B-cell markers as well as T-cell markers is now available to enumerate peripheral blood lymphocytes (37) . Since the identity of all of the cells in acute rheumatic fever bearing surface Ig is not yet clear, additional B-cell markers, possibly with such techniques as C3 rosettes (21), may be of help. Perhaps application of the use of pepsin-digested anti-Ig reagents, as introduced by Winchester,' will help to clarify the problem of absolute B-cell identification.
The importance of cell-mediated immunity in rheumatic fever has recently been emphasized by the studies of Read and coworkers (13) , showing a clear temporal relationship between migration inhibition to streptococcal cell wall products and acute rheumatic fever attacks. Other studies reported by McLaughlin, Patterson, Hartz, and Emburg (38) have failed to demonstrate cellular hyperactivity to heart homogenates or purified myocardial fractions, as measured by lymphocyte transformation in vitro. Further studies are necessary to define the interactions of cellular and humoral immunity in this disorder.
The demonstration of cell-mediated immunity to streptococcal antigens (13) may be related in some way to our finding of increments in peripheral blood lymphocytes bearing surface immunoglobulins during the acute rheumatic fever attack. The profile of elevated cells bearing surface immunoglobulins, either as B-cells or activated T-cells, could be compatible with a loss of suppressor T-cell function during the acute rheumatic episode. Until recently, loss of suppressor cell function has been mentioned only as an hypothesis to explain or encompass various autoimmune reactions (39, 40) .
However, recently developed methods may allow some quantitative estimation of human suppressor T-cell function (41) . It will now be of considerable interest to apply such methods to study such diseases as acute rheumatic fever. If the presently observed elevations of lymphocytes bearing surface Ig represent an unbridled response of activated autoaggressive B-and/or T-cells ungoverned by suppressor mechanisms, then quantitation of suppressor activity might be predicted to show a marked deficit.
